Abstract -Four populations of Betonica bulgarica Degen et Neič. at Sinite Kamani Natural Park were morphologically tested. Intrapopulation and interpopulation variabilities were established. The rеlationship between morphological variability, number, area and ecological appurtenance of the studied populations were explored. The results demonstrated that the main source of phenotype variation is intrapopulation variability, mainly due to the age structure of populations. The most variable traits are height of stem and dimensions of leaves. The registered interpopulation variability was affected by the differences in altitude, soil type and differences in environmental conditions and soil properties. Indumentum and morphology of generative organs had taxonomic signifi cance for distinguishing B. bulgarica from the other species in the genus, including the species that were morphologically most similar to it -Betonica offi cinalis L.
Introduction
Endemic plants are an emblematic symbol of the Bulgarian fl ora and one of the most sensitive and vulnerable units in the country's nature ecosystems (Anchev 2011) . They comprise 12.8% of the members of the fl ora of Bulgaria and demonstrate the specifi city and genetic features of its fl ora (Petrova et al. 2005) . The Bulgarian endemic Betonica bulgarica Degen et Neič. (syn. Stachys bulgarica Hayek), described by the Hungarian botanist A. V. Degen and the Bulgarian botanist I. Neichev in 1906 from materials collected in the Central Balkan Range, grows on open, stony and sandy ground in the oak and beech forest belts in the Balkan Range (Central, Eastern) and the Thracian Lowland (Velchev et al. 1992 , Petrova 2006 , Genova 2011 ). The species is morphologically similar to Betonica offi cinalis L. (syn. Stachys offi cinalis (L.) Trevis.). Although B. bulgarica is a protected species by the Biological Diversity Act of Bulgaria (Anonymous 2002 ) and most of its populations are found in protected territories -the Central Balkan National Park, Sinite Kamani Natural Park and in the protected areas of Natura 2000 -recent expert evaluations defi ne it as endangered (Genova 2011) . To this day, the species has not been subjected to detailed morphological studies. The polyphenol content in roots and above-ground parts has been studied (Bankova et al. 1999) . Data about the state of B. bulgarica populations on the territory of Balkan Range are contained in the management plans of the Central Balkan National Park (Yankov et al. 2001) and Sinite Kamani Natural Park (Grozeva et al. 2004) .
B. bulgarica was fi rst registered in the Eastern Balkan Range by Neichev (1906) but materials were not deposited in Bulgarian scientifi c herbaria (SOM, SO, SOA). Nowadays the species locality specifi ed by Neichev is part of the territory of the Sinite Kamani Natural Park. Grozeva et al. (2004) registered its population in the Ablanovo area of the park. Currently, the species populations have been registered in three other areas of the park territory -near the Microyazovir in Karandila area, on Slancheva Polyana and near Upper Lift Station (Grozeva et al. 2014) . Their state was assessed and their requirements as to soil fertility were studied (Grozeva et al. 2014) .
The objective of the present study was to establish the morphological population variability of B. bulgarica on the territory of Sinite Kamani Natural Park, to identify the traits that have the greatest taxonomic value and to seek the rela-tionship between the degree of morphological variability, area, number and ecological conditions of the studied populations.
Materials and methods
The subject of this survey were the four currently known populations of B. bulgarica in the territory of Sinite Kamani Natural Park (Tab. 1). Observations were carried out during the vegetation periods of 2013 and 2014, and morphometric tests were performed during the vegetation period of 2014. In each population the sites for taking morphological measurements were selected at the beginning of vegetation according to the presence of suffi cient population density and the presence of B. bulgarica and at least four sites were identifi ed. They were found along the diagonals in both directions of the population and areas in the central parts were deliberately included. The number of plants measured at each point was at least ten with a total of 50 plants used from each population. Morphometric measurements were conducted eight times during the vegetation period from April 5 th to September 5 th . The morphological analysis included 35 quantitative traits (On-line Suppl. Tabs. 1 and 2). A total of 21 qualitative traits were also analyzed (Tab. 2). Due to lack of variability in the studied 21 quantitative traits, the data obtained from the four investigated populations are presented in a summarized form in Tab. 2.
Flower and fruit dimensions, specifi cs of leaf epidermis and pollen morphology were recorded in laboratory conditions for fl owers, fruit and leaves collected earlier from the population. Ripe fruits collected in isolation bags were measured. After the measurements, nutlets were sown within the borders of each population. All other characteristics were recorded directly on site. To study pollen and nutlet morphology and for a more detailed study of leaf epidermis and type of trichomes the electronic microscope method was used. Studies were conducted on dry plant parts in the laboratory at the Faculty of Chemistry and Pharmacy in St. Kliment Ohridski University of Sofi a. At least twenty pollen grains and ten nutlets and leaves from each population were studied.
Pollen terminology followed Erdtman (1952) and Punt et al. (1994) . Data from the microscopic measurements of pollen were presented in generalized form for the species due to lack of signifi cant variability within and between populations.
The results obtained for the parameters related to the morphological characteristics were statistically processed with Statistica for Windows 10. The statistical reliability of differences among various parameters, the interpopulation and intrapopulation variations of traits were established through ANOVA. Cluster analysis was applied to group populations by similarity of 35 of the quantitative morphological traits. To allocate populations into groups by strength and direction of infl uence of the basic traits (from the included 35 morphological traits) principal component analysis (PCA) was conducted.
Results
The An open meadow near the cliffs east of the dams. The terrain is very sloped 11°-20°, highly eroded, dry, facing north. The grassland community is dominated by Sesleria latifolia Degen.The bedrock is quartz porphyry, the soil type -Eutric Cambisols. Due to the reported high level of soil erosion in Karandila area, east of the dam, the soil in the studied area was determined as Regosols, too (WRBSR, 2006 plitude of variability was registered for other traits as well: stem leaf petiole length, raceme and branch length.
The least variable in all the populations were the following traits: basal leaves length/width ratio, raceme leaves petiole length, fi rst raceme leaves width, third raceme leaves width, corolla width base and those characterizing seed (length, width, length/width ratio). In the Ablanovo population a low level of variability was registered for other traits as well: corolla length/width top and calyx length, in the population at Slancheva Polyana -second raceme leaves petiole length, in the population at Upper Lift Station -raceme branch length and third raceme leaves length, and for that at Microyazovir -raceme branch length, second raceme leaves petiole length and calyx length/width ratio.
In the population at Slancheva Polyana no variability was found for third raceme leaves length and third raceme leaves length/width ratio or in the population at the Microyazovir for third raceme leaves length/width ratio.
The ANOVA results (On-line Suppl. Tabs. 1 and 2) showed that intrapopulation variability was dominant in the total variability. Higher interpopulation variability was found only for petiole length of basal leaves.
The data from the unweighted pairgroup average (UPGA) cluster analysis based on morphological pairwise similarities (Euclidean distances between population centroids) showed the greatest similarity in the entire complex of qua litative traits among specimens from the populations at Slancheva Polyana and Microyazovir (Fig. 1) . The greatest differences were recorded for the population from the Ablanovo area.
Factor scores based on the principal component analysis of the distribution of populations according to the 35 morphological traits studied showed that the population at Ablanovo had positive values for both factor 1, and factor 2 (On-line Suppl. Tab. 3). The populations at Microyazovir and Slancheva Polyana had positive values for the second The data related to the qualitative traits studied are presented in Tab. 2; Figs. 2, 3A-B and 4. In the four studied populations no signifi cant variability in the types of trichomes and stomatas, pollens and nutlet morphology was established.
The epidermal surfaces of all examined plants showed both non-glandular and glandular trichomes (Tab. 2). Stem, leaves, bract, calyx and corolla were more or less covered with peltate glandular trichomes (Figs. 2 and 3A-B) . On the fresh parts of B. bulgarica small capilate trichomes were found, practically invisible on the herbarised plant parts due to their small size. Stem, leaf petioles, bracts and the calyx tube were covered with non-glandular multicellular, simple, uniseriate trichomes with micropapillae cuticular surface ( Figs. 2A-E and 3A) . The calyx and corolla tube of B. bulgarica were covered with non-glandular stellate multicellular trichomes with two to three rays (Figs. 2H and 3B). By the calyx teeth non-glandular multicellular hard non-branched trichomes of up to 2 mm and branched ones with three to fi ve rays were found (Fig. 3A) .
Three types of stomata were established in the surveyanomocytic, diacytic and paracytic, the anomocytic being observed most frequently (Tab. 2 and Figs. 2B-D, F-G) .
Among the four studied populations no signifi cant variability in pollen morphology was established. The pollens of B. bulgarica were monad, medium sized, and 3-zonocolpate (Figs. 3C-D) . Polar axis (P) was between 30.2 and 38.5 μm, equatorial axis (E) 20.4-24.2 μm and P/E rate 1.3-1.6. The coloration was reticulate. The width of muri was 0.3-0.6 μm (Fig. 3D) . The luminas were slightly elongated with length ranging within 0.8-1.6 μm and width -0.4-1.2 μm.
The nutlets of B. bulgarica were dark brown, triangular, elongated, the outside almost fl at, the edges were with narrow wings, which at the top edge went into irregularly toothed membranous appendage (Tab. 2 and Figs. 3F-H) . The three sides of the nutlets had even surfaces formed by oblong cells variable in size and usually with no trichomes (Fig. 3G) ; peltate trichomes were only found on the membranous appendage of single nutlets (Fig. 3F ).
Discussion
Intrapopulation variability was dominant in the phenotypic variability of B. bulgarica (On-line Suppl. Tabs. 1 and 2). Our studies showed that a possible reason for this was the age structure of the population. Due to the perennial type of the species and the possibilities for seed and vegetative (through roots) reproduction within each population, well-developed perennials were observed. There were also annuals that propagated through seeds and during the fi rst year formed only a leaf patera, as well as biennials that propagated through seeds, which did not always reach fl owering and fruiting. In addition, there were vegetatively propagated plants in which the basal leaves were often reduced. Morphometric analyses found that the size of vegetative organs in each of these groups of plants varied signifi cantly within the range of each of the four populations studied. A certain intrapopulation variability was also registered for the size of generative organs in each of the age groups. This determined the dominant role of intrapopulation within total variability along the entire complex of morphological traits.
The height of stem in the different groups in each population varied to a great extent, due to the greatest registered trait variance values (On-line Suppl. Tab. 1). The competitive relations which arise among the specimens of B. bulgarica and those of other species in the community, infl uenced the high variability of that trait. In the populations of Upper Lift Station, Microyazovir and Slancheva Polyana, the uneven distribution of moisture due to the ground slope had an additional effect. It was visible that the specimens located on the steepest parts of the population had shorter stems than those located on even ground.
Higher variability was registered for the traits petiole length of basal and stem leaves (On-line Suppl. Tab. 1). A typical property of the species is that basal leaves always have petioles longer than the laminae, stem leaves have petioles shorter than the laminae and the upper pair are sessile (Koeva 1989) . The data from morphometric measurements showed that in some of the specimens the petioles of basal leaves were up to 7 times longer than the lamina and for a period of 20 days their dimensions increased manifold. Since the vegetative development of B. bulgarica lasts from the end of March to the fi rst half of April, when the majority of the dominant species are well developed, a rapid extension of leaf petioles results from the competitive relations and provides the leaf laminae with appropriate access to light. Dominant for this trait in the common variability was the interpopulation one (On-line Suppl. Tab. 1) due to the varied composition of communities in the four populations and the different competitive relationships. The greatest amplitude of variability was registered for the population at the Ablanovo area, where the altitude was the lowest and B. bulgarica dominated in the grass community (Tab. 1). In specimens that had competitive relations with dominant species of that population, the length of leaf petioles increased up to 2-3 times during a period of 20 days. At the same time in plants that were neighbours to other specimens of B. bulgarica, also at the beginning of their vegetative development, the length of leaf petioles and the growth rate were far smaller. The registered high amplitude of variability led to the higher average values of the petiole length of basal and stem leaves for this population. The conducted two-year study showed that in all populations that were in competitive relations with cereals or other plant specimens of B. bulgarica, leaf petioles of basal and stem leaves had a greater size. Regardless of the registered variability, the variation in the size of leaf petioles of the studied specimens in the four populations was within the species variability as stem leaves always have shorter petioles than the basal ones and the upper pair of stem leaves are sessile.
Variability was also found for the dimensions of leaf laminae within each population. Plants developing from seeds during the fi rst year had smaller, rounded, elliptic to lanceolate laminae with a blunt tip, scalloped edge and concave base (Figs. 4A-B) . Biennial plants produced from seeds (Figs. 4C-D) , as well as the other perennial specimens, which reproduced from seeds or vegetatively (Figs. 4E-F), had lanceolate lamina, obtuse apex, asymmetric or concave bases and their dimensions varied. The leaf laminae of biennial plants developed from seeds were always smaller than those of the others (Fig. 4) . Regardless of the registered variability in the dimensions of leaf laminae, the ratio between their length and width was one of the traits that had lower variability. With annual specimens that developed from seeds the ratio between length and width of leaf laminae was 1-1.5, and in the other age groups -from 1.5 to 4.5. Regardless of the differences in their size and shape, leaf laminae are always covered with trichomes. The laminae of annual specimens developed from seeds had the thickest trichome cover of all the populations. In specimens from the other age groups no regularities were found in the degree of trichome covering. Variability of basal leaves was established for another species from the genus -B. offi cinalis (Dušek et al. 2010 ).
The dimensions of fl oral parts (Fig. 5 and On-line Suppl. Tab. 2) in each of the four populations varied slightly and corresponded to those mentioned for the species by Koeva (1989) and Genova (2011) . Certain differences were found in the colour of anthers. According to data by Koeva (1989) the stamens of the species have yellow anthers. Our observations showed that the anthers were yellow only immediately after opening of the fl ower and after that they were purple.
The greatest similarity out of the entire set of quantitative traits (Fig. 1) was registered between the populations at Slancheva Polyana and Microyazovir. In these two populations, the values of the greater part of the studied quantitative traits were very close (see On-line Suppl. Tabs. 1 and 2). Most probably the similarity found was infl uenced by the similarity in soil type and soil reaction that had contributed to the formation of similar ecological conditions within their boundaries. The soil type in both areas is Eutric Cambisol. The soil is characterized by sandy clay loam soil texture, weakly structured with granular structure and acidic soil reaction (Grozeva et al. 2014) .
A certain similarity of the populations from Microyazovir and Slancheva Polyana was found with the population from Upper Lift Station, which has an intermediate altitude compared to the other two populations, signifi cantly smaller area and a different soil type ( Fig. 1 and Tab. 1). Domi- nant within the community in all three populations were cereal species, and moisture availability of the soil was lower during the greater part of vegetation.
The greatest difference compared to the populations of Microyazovir, Upper Lift Station and Slancheva Polyana was observed for the Ablanovo population (Fig. 1) , where B. bulgarica was the dominant species. The area of the population was considerably bigger and the altitude signifi cantly lower (Tab. 1). The soil type also as differed and throughout the entire vegetation soil moisture was moderate. According to our previous investigation (Grozeva et al. 2014) , the soil type in that area is Chromic Luvisol (Anonymous 2006) . The studied soil is characterized as moderately structured, with crumb structure in the upper surface horizon and a slightly acidic soil reaction with values of pH up to 6.6. The differences in ecological conditions most probably led to the appearance of the registered morphological differences in the species of that population from those of the other three populations. Dušek et al (2010) also evaluated the morphological characteristics between plant populations of different origin from another species of genus Betonica -B. offi cinalis.
The most conservative traits in all populations were those characterizing trichomes, stomata, pollen and nutlet morphology (Figs. 2 and 3) .
The taxonomic value of the indumentum and its importance in systematic and phylogenetic relationships was well known in Lamiaceae (Abu-Assab and Cantino 1994 , Navarro and El Oualidi 2000 , Dinç and Őztűrk 2007 , Giuliani et al. 2008 . Trichomes are among the most useful taxonomic characters for distinguishing the species of genus Betonica and genus Stachys. The epidermal surfaces of all examined plants of B. bulgarica had both non-glandular and glandular trichomes. The peltate and capillate glandular trichomes observed on stem, leaves, bract, calyx and corolla were registered by Giuliani and Maleci Bini (2012) in other species of genus Stachys and genus Betonica. The peltate trichomes established for B. bulgarica (Figs. 2A, C, H, had the morphological characteristics of the trichomes specifi ed by Giuliani and Maleci Bini (2012) as Type A, whereas the capillate trichomes observed in fresh plants were specifi ed as Type B. According to Giuliani and Maleci Bini (2012) Type A peltate trichomes consist of one basal epidermal cell, one neck cell and a multicellular head with a large subcuticular space where the secretion is accumulated, whereas Type B capillate trichomes consist of one basal epidermal cell, one stalk cell and a head of two to four cells with a thin subcuticular space where secretion is accumulated. Type A trichomes are mainly essential oil producers, whereas Type B have an exclusive or prevalent polysaccharide content (Giuliani et al. 2008) . The non-glandular multicellular, simple, uniseriate trichomes observed on stem, leaf petioles, leaves, bracts and calyx tube of B. bulgarica were also found by Naidu and Shan (1981) on B. offi cinalis. The non-glandular stellate multicellular trichomes with two to three rays found on calyx and corolla tube on B. bulgarica (Fig. 2H, Fig. 3B ) were similar to the trichomes on calyx and corolla surface of B. offi cinalis and B. scardica as pointed out by Giuliani and Maleci Bini (2012) , where, the rays were two to eight. The non-glandular multicellular hard non-branched trichomes up to 2 mm long and branched with three to fi ve rays typical of the calyx teeth of B. bulgarica (Fig. 3A) were not mentioned by Koeva (1989) for the calyx teeth of the morphologically closest Bulgarian species -B. offi cinalis. Salmaki et al. (2009) observed numerous types of trichomes of Iranian Stachys taxa (incl. Betonica) that showed considerable variability among different species, but were constant among different populations of one species, and therefore afford valuable characters in the delimitation of sections and species.
Stomata were described on the leaves of some Lamiaceae by different researchers (El-Gazza and Watson 1970 , Inambad and Bhatt 1972 , Naidu and Shan 1981 . From their study of this family El-Gazza and Watson (1970) reported that the stomata were predominantly diacytic, predominantly anomocytic, predominantly anisocytic and a mixture of anomocytics and anisocitycs. Inambad and Bhatt (1972) found that in 33 Lamiaceae species diacytic was the most frequent type of stomata. Naidu and Shan (1981) pointed out that out of 34 Lamiaceae species the diacytic was the most frequent type, and the anomocytic was the next most abundant type. Our studies confi rmed the data known from literature since in all studied plants from the four populations 3 types of stomata have been found -anomocytic, diacytic and paracytic, anomocytic being the most frequent (Figs. 2B-D, F-G). Stomata were evenly distributed throughout the epidermis of abaxial surface without any defi nite pattern of orientation. According to Naidu and Shan (1981) the anomocytic is the most frequent type in Stachys offi cinalis (syn.
Betonica offi cinalis), S. palustris and S. recta.
Investigations of pollen morphology in Lamiaceae were essential from the point of view of improving the classifi cation within this family (Abu-Assab and Cantino 1994). According to Dinç and Őztűrk (2007) the pollen morphology of the genus Stachys (incl. Betonica) is not well known. Palynological studies on the Bulgarian Betonica taxa have not been conducted so far. Pollen morphology of B. bulgarica (Figs. 3C-D) exhibited the features specifi ed by Moore et al. (1991) as Stachys sylvatica type. Typical for that type are: trizonocolpate pollens with reticulate ornamentation and lumina more or less uniform in size. Moore et al. (1991) included in the group with Stachys sylvatica type pollen eight of the species studied by them, B. offi cinalis among them.
The systematic importance of nutlet morphology in genus Stachys and genus Betonica was underlined by Demissew and Harley (1992), Martin Mosquero et al. (2000) , etc. In a comparison of the nutlet characteristics of B. bulgarica with those published by various researchers (Demissew and Harley 1992 , Martin Mosquero et al. 2000 , Dinç and Doĝan 2006 , Salmaki et al. 2008 , Satil et al. 2012 for other species in the genus, the greatest similarity according to nutlet shape was established with B. offi cinalis. Regardless of the similarity, nutlets of B. bulgarica differed from those of B. offi cinalis by their size (On-line Suppl. Tab. 2) as well as by lack of differences in the reticulate pattern among the three sides of the nutlet surface and the lack of non-glandular trichomes on it (Figs. 3F-H) .
In conclusion, the results from the present study demonstrated that the registered intrapopulation variability of the four studied populations of the Bulgarian endemic B. bulgarica was based mainly on their age structure, while the established interpopulation variability derived from differences in altitude, soil type and differences in environmental conditions and soil properties. The most taxonomic significance for distinguishing B. bulgarica from the other species in the genus, including from the species that is morphologically most similar to it -B. offi cinalis -was found in the indumentum and morphology of generative organs, especially calyx segments and nutlets.
